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Description

TECHNICAL FIELD

[0001] The present invention relates to a battery mod-
ule for an electric energy storage system for an electric
drive vehicle.
[0002] The present invention advantageously applies
to a hybrid propulsion road vehicle, to which the following
specification will make explicit reference without thereby
losing generality.

PRIOR ART

[0003] A hybrid vehicle comprises an internal combus-
tion heat engine, which transmits the driving torque to
the driving wheels by means of a transmission provided
with a gearbox, and at least one electric machine, which
is mechanically connected to the driving wheels and elec-
trically connected to an electric energy storage system.
Normally, the electric energy storage system comprises
a pack of chemical batteries, which are connected to each
other in parallel and in series.
[0004] Patent application EP2626923A1 describes an
electric energy storage system for an electric drive vehi-
cle; this storage system is provided with a pack of chem-
ical batteries connected to each other in parallel and in
series, each of which has a cylindrical shape with a cen-
tral axis of symmetry and is provided with a respective
electrochemical cell. The chemical batteries are ar-
ranged inside a plastic support matrix, which provides a
mechanical support for said chemical batteries. Howev-
er, the arrangement of the chemical batteries in the elec-
tric energy storage system described in patent applica-
tion EP2626923A1 has some drawbacks, since it does
not allow the storage system to take "irregular" shapes
(i.e. "complex" shapes) in a simple manner, in order to
be able to adapt the shape of the storage system to the
shape of the available space inside the vehicle so that
the available space is taken up as fully as possible.
[0005] Patent application US2011008667A1 discloses
a battery module for an electric energy storage system
in which two opposite housings are provided, each of
which has a series of guide pins which are arranged par-
allel to the chemical batteries and between said chemical
batteries; each housing is closed on the outside by an
insulating plate provided with coupling holes in which the
tips of the guide pins are inserted. However, the battery
module described in patent application
US2011008667A1 has some drawbacks, as the manu-
facture of the individual parts is relatively complex due
to their complicated shape and because the overall me-
chanical robustness is poor.
[0006] Patent applications EP2365560A1,
US2015086829A1, US2012100399A1,
US2012107663A1 also provide additional examples of
battery modules for an energy storage system.

DESCRIPTION OF THE INVENTION

[0007] The object of the present invention is to provide
a battery module for an electric energy storage system
for an electric drive vehicle, which battery module is free
from the drawbacks described above and, at the same
time, is easy and inexpensive to manufacture.
[0008] According to the present invention, a battery
module for an electric energy storage system for an elec-
tric drive vehicle is provided as claimed in the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention will now be described
with reference to the accompanying drawings, which il-
lustrate some non-limiting embodiments thereof, in
which:

• Figure 1 is a schematic plan view of a hybrid propul-
sion road vehicle;

• Figure 2 is a schematic plan view of a chassis of the
road vehicle of Figure 1 highlighting an electric en-
ergy storage system provided in accordance with the
present invention;

• Figure 3 is a schematic plan view of the chassis of
Figure 2 without the electric energy storage system;

• Figure 4 is a schematic plan view, in enlarged scale,
of the electric energy storage system alone, shown
in Figure 2;

• Figure 5 is a perspective and schematic view of a
group of chemical batteries which form a battery
module of the electric energy storage system of Fig-
ure 2;

• Figures 6 and 7 are two different perspective views
of a battery module of the electric energy storage
system of Figure 2;

• Figures 8-11 are four perspective views of the battery
module of Figures 6 and 7 with the progressive re-
moval of elements;

• Figures 12 and 13 are two further perspective views
of the battery module of Figures 6 and 7;

• Figures 14, 15 and 16 are three further perspective
views of the battery module of Figures 6 and 7 with
the progressive removal of elements;

• Figures 17 and 18 are two different exploded per-
spective views of the battery module of Figures 6
and 7;

• Figures 19 and 20 are two perspective views of a
support body of the battery module of Figures 6 and
7;

• Figure 21 is a perspective view of two connection
plates of the battery module of Figures 6 and 7;

• Figures 22 and 23 are two perspective views of a lid
of the battery module of Figures 6 and 7;

• Figure 24 is a perspective view of a cooling device
of the battery module of Figures 6 and 7; and

• Figure 25 is a perspective view of a control unit of
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the battery module of Figures 6 and 7.

PREFERRED EMBODIMENTS OF THE INVENTION

[0010] In Figure 1, the numeral 1 indicates, as a whole,
a hybrid propulsion road vehicle equipped with two front
wheels 2 and two rear driving wheels 3, which receive
the driving torque from a hybrid motor propulsion system
4.
[0011] The hybrid motor propulsion system 4 compris-
es an internal combustion heat engine 5, which is ar-
ranged in the front and is provided with a drive shaft 6,
an automatic transmission 7, which transmits the driving
torque generated by the internal combustion engine 5 to
the rear driving wheels 3, and an electric machine 8 which
is mechanically connected to the transmission 7 and is
reversible (i.e. it can work both as an electric motor by
absorbing electric energy and generating a mechanical
driving torque, and as an electric generator by absorbing
mechanical energy and generating electric energy).
[0012] The transmission 7 comprises a transmission
shaft 9 which, on one side, is angularly integral with the
drive shaft 6 and, on the other side, is mechanically con-
nected to a dual clutch transmission 10, which is arranged
at the back and transmits the motion to the rear driving
wheels 3 by means of two axle shafts 11 that receive the
motion from a differential 12. The electric machine 8 is
mechanically connected to the transmission 10, and in
particular, is angularly integral with a primary gear shaft
10; as for the mode of connection between the electric
machine 8 and the dual clutch transmission 10, reference
should be made, for example, to what is described in
patent application EP2325034A1.
[0013] As shown in Figures 2 and 3, the road vehicle
1 is provided with a chassis 15 comprising a floor 16
(partially and schematically shown in Figure 3) which
constitutes a bottom wall of the passenger compartment;
the floor 16 accommodates two housings 17 (shown in
Figure 3) which house the storage system 14 (therefore
the storage system 14 is supported by the floor 16). As
shown in Figure 4, the storage system 14 comprises two
containers 18 (typically made of a plastic material that is
thermally conductive and electrically insulating), each of
which is inserted inside a corresponding housing 17 and
therefore has the same shape of the housing 17 itself.
[0014] Each container 18 holds a pack of chemical bat-
teries 19, which are connected to each other in parallel
and in series and comprise respective electrochemical
cells, which are capable of converting the stored chem-
ical energy into electric energy and vice versa. According
to a preferred embodiment, the electrochemical cells are
of the lithium ion type ("Li-Ion").
[0015] As shown in Figure 5, each chemical battery 19
has a cylindrical shape with a central axis of symmetry
20, and a positive pole 22 at one end and a negative pole
21 at an opposite end. Each chemical battery 19 com-
prises a cylindrical electrochemical cell (not shown), and
an outer shell 23, which has a cylindrical shape, houses

on the inside the electrochemical cell while maintaining
said electrochemical cell compressed, and is made of a
(typically metallic) material with high mechanical
strength. Each chemical battery 19 is provided with a
safety valve 24 (i.e. a vent or pressure relief valve) which
is arranged at a base of the outer shell 23 near the positive
pole 22 (but could also be arranged in the opposite po-
sition at the negative pole 21) and is calibrated to open
when the pressure inside the outer shell 23 exceeds a
predetermined safety pressure (i.e. in case of thermal
drift of the chemical battery 19 which causes the outflow
of hot fluids); in other words, the safety valve 24 is a
mechanical maximum pressure valve which opens when
the pressure inside the outer shell 23 is too high, so as
to avoid a violent explosion of the outer casing 23 itself.
[0016] As shown in Figures 6 and 7, the storage system
14 comprises a plurality of battery modules 25 (only one
of which is shown in Figures 6 and 7), each of which
houses a group of chemical batteries 19 (ten chemical
batteries 19 in the non-limiting embodiment illustrated in
the attached figures); in other words, the storage system
14 is formed by a plurality of battery modules 25 (only
one of which is shown in Figures 6 and 7) electrically
connected to each other in series or in parallel and ar-
ranged so as to attain a complex shape (schematically
shown in Figures 2 and 4) so that all the available space
on the floor 16 of the road vehicle 1 can be taken up
effectively. The storage system 14 is formed in a modular
fashion by arranging side by side multiple battery mod-
ules 25, each of which carries a certain number of chem-
ical batteries 19 (ten chemical batteries 19 in the example
illustrated in the attached figures). The battery modules
25 may not all be the same: some battery modules 25
may house multiple chemical batteries 19 (e.g., ten,
twelve or fifteen chemical batteries 19), while other bat-
tery modules 25 may house fewer chemical batteries 19
(e.g., five, six or eight chemical batteries 19) in order to
be able to fully exploit all the available space on the floor
16 of the road vehicle 1 (i.e. to better adapt the overall
shape of the storage system 14 to the normally irregular
shape of the container 18 of the storage system 14).
[0017] As shown in Figures 9, 14, 15, 17 and 18, each
battery module 25 comprises at least two connection
plates 26, which rest against opposite ends of the group
of chemical batteries 19, so as to electrically connect the
poles 21 and 22 of the chemical batteries 19 to one an-
other, and are provided with two respective terminals 27,
which project outwards from the battery module 25 and
are designed to establish an external electrical connec-
tion of the battery module 25. In the embodiment illus-
trated in the attached figures, three connection plates 26
are provided (two on one side equipped with terminals
27 and only one on the opposite side devoid of terminals
27) so as to form two subgroups of five chemical batteries
19 each, in which the five chemical batteries 19 are con-
nected to each other in parallel; the two subgroups of five
chemical batteries 19 each are connected to each other
in series. Obviously, as well shown in Figure 5, within
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each subgroup, all the chemical batteries 19 have the
same orientation, while in the two subgroups, the chem-
ical batteries 19 have opposite orientations. According
to a different, yet perfectly equivalent, embodiment, all
the chemical batteries 19 have the same orientation and
there are only two connection plates 26, which rest
against opposite ends of the group of chemical batteries
19, and all the chemical batteries 19 are connected to
each other in parallel. Obviously, there are also other
ways of connecting the chemical batteries 19 of the bat-
tery module 25.
[0018] The battery module 25 comprises two support
bodies 28 coupled to opposite ends of the group of chem-
ical batteries 19 so as to provide the chemical batteries
19 with a stable mechanical support. As better illustrated
in Figures 19 and 20, each support body 28 has a plurality
of tubular seats 29, which house, on the inside, the chem-
ical batteries 19 (i.e. respective ends of the chemical bat-
teries 19), and a plurality of locking elements 30, which
are arranged in the area of an outer surface of the support
body 28 and hold the chemical batteries 19 inside the
corresponding tubular seats 29. In other words, the lock-
ing elements 30 of each support body 28 are arranged
in the area of an outer end of the support body 2 and
prevent the escape of the chemical batteries 19 from the
outer end of the support body 28; hence, the locking el-
ements 30 prevent the chemical batteries 19 from coming
out of the outer ends of the support bodies 28 so that the
chemical batteries 19 are "pinched" between the locking
elements 30 of the two support bodies 28.
[0019] In each support body 28, the locking elements
30 are arranged both at the outer edge of the support
body 28 (and have the shape of a circular sector), and
in the central part of the support body 28 (and have the
shape of a circle); preferably, each locking element 30
arranged in the central part of a support body 28 is ar-
ranged astride two adjacent tubular seats 29 (alterna-
tively, each locking element 30 arranged in the central
part of a support body 28 could be arranged astride three
adjacent tubular seats 29, or could only be arranged at
a single tubular seat 29).
[0020] Each support body 28 also has a flat seat 31,
which is arranged in the area of the outer surface of the
support body 28 and houses at least one corresponding
connection plate 26 (in the embodiment illustrated in the
attached figures, a flat seat 31 houses two connection
plates 26, which are adjacent yet well separated, and the
other flat seat 31 houses a single connection plate 26).
Preferably, but not necessarily, within each flat seat 31,
the locking elements 30 arranged at the outer edge of
the support body 28 also form side edges, which laterally
retain the corresponding connection plate 26.
[0021] As shown in Figures 6 and 7, each battery mod-
ule 25 comprises two lids 32, which are (preferably seal-
ingly) coupled to the support bodies 28 so as to create
respective collecting chambers having a plurality of drain-
ing openings 33 to drain hot fluids flowing out of the safety
valve 24 of a chemical battery 19 in case of thermal drift

of the chemical battery 19. In the embodiment illustrated
in the attached figures, each collecting chamber (bound-
ed on one side by a corresponding support body 28 and
bounded on the other side by a corresponding lid 32) has
four draining openings 33 arranged along the two long
sides (of course, any other number of draining openings
33 could be provided with any other type of arrangement
of said draining openings 33); preferably, each draining
opening 33 is formed, in part, through a window in a side
wall of the corresponding support body 28, and for the
remaining part, through a window in a side wall of the
corresponding lid 32 (i.e., each draining opening 33 is
partially formed through the corresponding lid 32 and par-
tially formed through the support body 28). According to
a preferred (yet non-limiting) embodiment illustrated in
the attached figures, each terminal 27 of a connection
plate 26 projects from the corresponding collecting cham-
ber through a draining opening 33.
[0022] As shown in Figures 6 and 7, each battery mod-
ule 25 comprises a cooling device 34, which is designed
to remove heat and rests against the outer surface of a
lid 32. In the embodiment illustrated in the attached fig-
ures, the cooling device 34 comprises a hydraulic circuit
through which a refrigerant liquid can flow; note in Figure
6 the delivery port and the return port for the circulation
of the refrigerant liquid within the cooling device 34.
[0023] As shown in Figures 6 and 7, each battery mod-
ule 25 comprises a local control unit 35 (called BMC -
"Battery Module Control"), which controls the operation
of the chemical batteries 19 of the battery module 25 and
rests against the outer surface of a lid 32 on the opposite
side of the cooling device 34. In other words, the cooling
device 34 and the local control unit 35 rest against re-
spective lids 32 so as to be located at the opposite ends
of the battery module 25. The local control unit 35 deter-
mines, for each chemical battery 19, the electric voltage
at the ends of the two poles 21 and 22, the intensity of
the electric current flowing through the two poles 21 and
22, and/or the temperature of the corresponding electro-
chemical cell; moreover, the control unit uses the above
information to manage the chemical batteries 19, i.e. to
determine how to distribute the energy entering and ex-
iting the battery module 25 among all the chemical bat-
teries 19 forming said battery module 25.
[0024] Lastly, as shown in Figures 6 and 7, each bat-
tery module 25 comprises two tie rods 36, which are ar-
ranged on opposite sides of the battery module 25 and
tie together the cooling device 34, the lids 32, the support
bodies 28 and the local control unit 35 in a packed man-
ner. In particular, the tie rods 36 are arranged on the
outside of the cooling device 34, the lids 32, the support
bodies 28 and the local control unit 35, i.e. they rest
against opposite outer side surfaces of the cooling device
34, the lids 32, the support bodies 28 and the local control
unit 35. According to a preferred embodiment illustrated
in the attached figures (and best seen in Figures 17 and
18), the tie rods 36 comprise wedge-shaped protrusions
which engage by elastic deformation in corresponding
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through seats formed in the support bodies 28, the cool-
ing device 34 and the local control unit 35, so as to
achieve mechanical joints which hold together the battery
module 25 with a certain compression.
[0025] As the two support bodies 28 are mutually sep-
arated by the chemical batteries 19 (i.e. the two support
bodies 28 do not touch each other due to the interposition
of the chemical batteries 19), the thrust generated by the
two tie rods 36 tends to push the two support bodies 28
towards one another and is also released onto the chem-
ical batteries 19 which are then mechanically axially load-
ed. In other words, the two support bodies 28 have, as
the sole mutual connection, the tie rods 36, which tend
to push the two support bodies 28 towards one another,
and the batteries 19, which are interposed between the
two support bodies 28 and thus maintain said support
bodies 28 separate from one another.
[0026] According to a preferred embodiment illustrated
in Figures 22 and 24, a mechanical interlocking system
is provided between the cooling device 34 and the cor-
responding lid 32; this interlocking system comprises a
plurality of pins 37 (shown in Figure 22), which protrude
from the outer surface of the corresponding lid 32, and
a plurality of dead holes 38 (shown in Figure 24), which
are formed in an inner surface of the cooling device 34
and are designed to house the pins 37.
[0027] According to a preferred embodiment illustrated
in Figures 22 and 25, a mechanical interlocking system
is provided between the local control unit 35 and the cor-
responding lid 32; this interlocking system comprises a
plurality of pins 37 (shown in Figure 22), which protrude
from the outer surface of the corresponding lid 32, and
a plurality of dead holes 39 (shown in Figure 25), which
are formed in an inner surface of the local control unit 35
and are designed to house the pins 37.
[0028] Preferably, the two lids 32 are identical to each
other (this simplifies the construction of said lids 32 that
may be produced by using a single mould) and therefore
have the same pins 37 in the same positions; accordingly,
the position and the size of the dead holes 38 on the inner
surface of the cooling device 34 must be identical to the
position and size of the dead holes 39 on the inner surface
of the local control unit 35.
[0029] According to a preferred embodiment illustrated
in Figures 20 and 23, a mechanical interlocking system
is provided between each support body 28 and the cor-
responding lid 32; this interlocking system comprises a
plurality of pins 40 (shown in Figure 20), which protrude
from an outer end of the corresponding support body 28,
and a plurality of dead holes 41 (shown in Figure 23),
which are formed in an inner surface of the lid 32 and are
designed to house the pins 40. Preferably, but not nec-
essarily, each pin 40 rises from a corresponding centrally
arranged locking element 30.
[0030] According to a preferred embodiment illustrated
in Figure 21, each connection plate 26 comprises, in the
area of each chemical battery 19, a through vent opening
42 (preferably, but not necessarily, in the shape of an

"I"); the role of the vent opening 42 is to allow the passage
of the hot fluids flowing out of the safety valve 24 of the
corresponding chemical battery 19 in case of thermal drift
of said chemical battery 19, so that the hot fluids can
easily reach the corresponding collecting chamber (from
which they subsequently come out through the draining
openings 33) without being retained by the connection
plates 26.
[0031] According to a preferred embodiment illustrated
in Figure 21, each connection plate 26 has a plurality of
through holes 43 through which the pins 40 of the me-
chanical interlocking system are arranged between the
corresponding support body 28 and the corresponding
lid 32 (as shown in Figures 9 and 14).
[0032] According to a preferred embodiment, each
connection plate 26 simply rests against the correspond-
ing poles 21 and 22 of the chemical batteries 19 and has
no permanent mechanical connection to the correspond-
ing poles 21 and 22 of the chemical batteries 19; in this
way, in case of breakage of the battery module 25 due
to an accident, the electrical connections between the
chemical batteries 19 are cut off (because the connection
plates 26, devoid of stable connections with the poles 21
and 22 of the chemical batteries 19, separate from the
poles 21 and 22 of said chemical batteries 19), thereby
reducing the risk of exposing people to dangerous elec-
trical voltages (the electrical voltage of the individual
chemical batteries 19 is up to a few tens of volts and thus
is not dangerous and only becomes dangerous when it
is multiplied by the series connection of multiple chemical
batteries 19). In other words, after the impact, many
chemical batteries 19 are not connected to each other,
so individually they have a low electrical voltage and are
not dangerous.
[0033] According to an alternative embodiment, each
connection plate 26 is welded to the poles 21 and 22 of
the corresponding chemical batteries 19 by means of a
low mechanical strength filler material (for example by
means of tin).
[0034] To ensure an adequate electrical connection
between each connection plate 26 and the corresponding
poles 21 and 22 of the chemical batteries 19, the corre-
sponding lid 32 presses said connection plate 26 against
the corresponding poles 21 and 22 of the chemical bat-
teries 19 with a predetermined pressure (and generated
by the tightening action exerted by the tie rods 36).
[0035] According to a preferred embodiment, the sup-
port bodies 28 of each battery module 25 have a me-
chanical strength that is smaller than the mechanical
strength of the individual chemical batteries 19 and is
adjusted so as to deform in case of crash. In this way, in
case of a violent accident, the battery modules 25 break,
leaving the chemical batteries 19 free (and electrically
disconnected from each other), which then can disperse
without being subjected to excessively high pressures
(which otherwise could cause the explosion of said chem-
ical batteries 19). In other words, the support bodies 28
of each battery module 25 are sized to have a sufficiently
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high mechanical strength (with an adequate safety mar-
gin) to withstand the stresses from normal driving (result-
ing from both accelerations and vibrations), but not high
enough to withstand the stresses that occur in the event
of an impact (obviously of a certain gravity, not, for ex-
ample, a simple low speed nose-to-tail crash). In any
case, it is essential that the mechanical strength of the
support bodies 28 of each battery module 25 is (consid-
erably) lower than the mechanical strength of the individ-
ual chemical batteries 19, since, in case of a serious im-
pact, it is acceptable (or rather, it is desirable) that the
support bodies 28 get deformed (normally getting bro-
ken), while leaving the individual chemical batteries 19
intact.
[0036] According to a preferred embodiment, the stor-
age system 14 comprises a central control unit (called
BMS - "Battery Management System"), which controls
the whole storage system 14, and a plurality of local con-
trol units 35 (called BMC - "Battery Module Control"),
which are connected to the central control unit. Each local
control unit 35 is associated with a corresponding group
of chemical batteries 19, controls the operation of its own
chemical batteries 19, and operates in a master-slave
mode with the central control unit.
[0037] In the storage system 14 there are drain pipes,
which run between the battery modules 25, connect to
all the draining openings 33, and lead to the outside of
the road vehicle 1 (typically through an underbody of the
road vehicle 1 so as to lead to the road surface) ; these
drain pipes serve the purpose of collecting and discharg-
ing the hot fluids flowing out of the draining openings 33
in case of thermal drift of one or more chemical batteries
19.
[0038] In the storage system 14 there are (rigid or flex-
ible) electrical connections that run between the battery
modules 25 and electrically connect the terminals 27 of
all the battery modules 25.
[0039] The battery module 25 described above has
many advantages.
[0040] In the first place, the limited size of the battery
module 25 described above allows to "construct" the stor-
age system 14 so as to also obtain "irregular" shapes
(i.e. "complex" shapes) in a simple way, in order to adapt
the shape of the storage system 14 to the shape of the
available space inside the road vehicle 1, so that the
available space is taken up as fully as possible.
[0041] In addition, the battery module 25 described
above is simple and economical to manufacture, as the
support bodies 28, the lids 32, and the outer shells of the
cooling device 34 and of the control unit 35 can be easily
produced by plastic moulding, while the connection
plates 26 can be easily produced by shearing a flat plate.
[0042] Lastly, the assembly and disassembly of the
battery module 25 described above are quick and simple
(hence easily automated), since the entire battery mod-
ule 25 is held together by two tie rods 36 which are kept
in position by mechanical joints. Therefore, if the battery
module 25 described above needs maintenance (e.g. to

replace a faulty chemical battery 19), the operation can
be performed very quickly with the use of few conven-
tional tools.

Claims

1. A battery module (25) for a system (14) for the stor-
age of electrical energy for an electric drive vehicle
(1); the battery module (25) comprises:

a group of chemical batteries (19) arranged par-
allel to and beside one another, each of which
has a cylindrical shape, a positive pole (22) at
one end and a negative pole (21) at an opposite
end, and a safety valve (24) at one end;
at least two connection plates (26), which rest
against opposite ends of the group of chemical
batteries (19), so as to electrically connect the
poles (21, 22) of the chemical batteries (19) to
one another, and are provided with two respec-
tive terminals (27), which project outwards from
the battery module (25) and are designed to es-
tablish an external electrical connection of the
battery module (25);
two support bodies (28) coupled to opposite
ends of the group of chemical batteries (19) so
as to provide the chemical batteries (19) with a
stable mechanical support, each having: a plu-
rality of tubular seats (29), which house, on the
inside, the chemical batteries (19), a plurality of
locking elements (30), which are arranged in the
area of an outer surface of the support body (28)
and hold the chemical batteries (19) inside the
corresponding tubular seats (29), and a flat seat
(31), which is arranged in the area of the outer
surface of the support body (28) and houses at
least one corresponding connection plate (26);
and
two lids (32), which are coupled to the support
bodies (28) so as to create respective collecting
chambers having at least one draining opening
(33) to drain hot fluids flowing out of the safety
valve (24) of a chemical battery (19) in case of
thermal drift of the chemical battery (19);
the battery module (25) is characterised in
that:

a cooling device (34) is provided, which is
designed to remove heat and rests against
the outer surface of a first lid (32);
at least two tie rods (36) are provided, which
are arranged on opposite sides of the bat-
tery module (25), on the outside of the cool-
ing device (34), the lids (32) and the support
bodies (28), and tie together the cooling de-
vice (34), the lids (32) and the support bod-
ies (28) in a packed manner; and

9 10 



EP 3 264 497 B1

7

5

10

15

20

25

30

35

40

45

50

55

the two support bodies (28) are mutually
separated by the chemical batteries (19),
i.e. the two support bodies (28) do not touch
each other due to the interposition of the
chemical batteries (19), and therefore the
thrust generated by the two tie rods (36)
tends to push the two support bodies (28)
towards one another and is also released
onto the chemical batteries (19) which are
then mechanically axially loaded.

2. A battery module (25) according to claim 1, wherein
the tie rods (36) comprise wedge-shaped protru-
sions which engage by elastic deformation in corre-
sponding through seats formed in the cooling device
(34) and preferably also in the support bodies (28).

3. A battery module (25) according to claim 1 or 2,
wherein a first mechanical interlocking system is pro-
vided between the cooling device (34) and the first
lid (32).

4. A battery module (25) according to claim 3, wherein
the first interlocking system comprises a plurality of
first pins (37), which project from the outer surface
of the first lid (32), and a plurality of first dead holes
(38), which are formed in an inner surface of the cool-
ing device (34) and are designed to house the first
pins (37).

5. A battery module (25) according to any of the claims
from 1 to 4 and comprising a control unit (35), which
controls the operation of the chemical batteries (19),
is arranged on the opposite side of the battery mod-
ule (25) with respect to the cooling device (34), rests
against the outer surface of a second lid (32) oppo-
site to the first lid (32), and is tied, in a packed man-
ner, by the two tie rods (36).

6. A battery module (25) according to claim 5, wherein
the tie rods (36) comprise wedge-shaped protru-
sions which engage by elastic deformation in corre-
sponding through seats formed in the cooling device
(34), the control unit (35) and preferably also in the
support bodies (28).

7. A battery module (25) according to claim 5 or 6,
wherein a second mechanical interlocking system is
provided between the control unit (35) and the sec-
ond lid (32).

8. A battery module (25) according to claim 7, wherein
the second interlocking system comprises a plurality
of second pins (37), which project from the outer sur-
face of the second lid (32), and a plurality of second
dead holes (39), which are formed in an inner surface
of the control unit (35) and are designed to house
the second pins (37).

9. A battery module (25) according to any of the claims
from 1 to 8, wherein each connection plate (26) com-
prises, in the area of each chemical battery (19), a
through vent opening (42) which, preferably, is "I"-
shaped.

10. A battery module (25) according to any of the claims
from 1 to 9, wherein:

the locking elements (30) of each support body
(28) are arranged in the area of an outer end of
the support body (28) and prevent the chemical
batteries (19) from coming out of the outer end
of the support body (28); and
at least some locking elements (30) are ar-
ranged astride two adjacent tubular seats (29).

11. A battery module (25) according to any of the claims
from 1 to 10, wherein:

a third mechanical interlocking system is provid-
ed between each support body (28) and the cor-
responding lid (32); and
each third interlocking system comprises a plu-
rality of third pins (40), which project from an
outer end of the corresponding support body
(28), and a plurality of third dead holes (41),
which are formed in an inner surface of the cor-
responding lid (32) and are designed to house
the third pins (40).

12. A battery module (25) according to claim 11, wherein
each connection plate (26) has a plurality of through
holes (43), through which the third pins (40) are ar-
ranged.

13. A battery module (25) according to any of the claims
from 1 to 12, wherein each terminal (27) of a con-
nection plate (26) projects from the corresponding
collecting chamber through a draining opening (33).

14. A battery module (25) according to any of the claims
from 1 to 13, wherein each lid (32) presses the cor-
responding connection plates (26) against the cor-
responding poles (21, 22) of the chemical batteries
(19) with a predetermined pressure.

15. A battery module (25) according to any of the claims
from 1 to 14, wherein each connection plate (26)
simply rests against the corresponding poles (21,
22) of the chemical batteries (19) and has no per-
manent mechanical connection to the corresponding
poles (21, 22) of the chemical batteries (19).

16. A battery module (25) according to any of the claims
from 1 to 15, wherein the support bodies (28) have
a mechanical strength that is smaller than the me-
chanical strength of the individual chemical batteries

11 12 
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(19) and is adjusted so as to deform in case of crash.

Patentansprüche

1. Batteriemodul (25) für ein System (14) zum Spei-
chern elektrischer Energie für ein Elektroantriebs-
fahrzeug (1); wobei das Batteriemodul (25) aufweist:

eine Gruppe chemischer Batterien (19), die pa-
rallel zueinander und nebeneinander angeord-
net sind, wobei eine jede davon eine zylindri-
sche Form hat, einen positiven Pol (22) an ei-
nem Ende und einen negativen Pol (21) an ei-
nem gegenüberliegenden Ende und ein Sicher-
heitsventil (24) an einem Ende;
wenigstens zwei Verbindungsplatten (26), die
an gegenüberliegenden Enden der Gruppe von
chemischen Batterien (19) anliegen, um so die
Pole (21, 22) der chemischen Batterien (19) mit-
einander zu verbinden, und die mit zwei jewei-
ligen Anschlusselementen (27) versehen sind,
die vom Batteriemodul (25) nach außen hervor-
stehen und die dazu ausgestaltet sind, eine ex-
terne elektrische Verbindung des Batteriemo-
duls (25) zu errichten;
zwei Halterungskörper (28), die mit gegenüber-
liegenden Enden der Gruppe der chemischen
Batterien (19) gekoppelt sind, um so die chemi-
schen Batterien (19) mit einer stabilen mecha-
nischen Halterung zu versehen, wobei eine jede
aufweist: mehrere röhrenförmigen Aufnahmen
(29), die an der Innenseite die chemischen Bat-
terien (19) aufnehmen, mehrere Sperrelemente
(30), die im Bereich einer Außenfläche des Hal-
terungskörpers (28) angeordnet sind und die
chemischen Batterien (19) in den zugehörigen
röhrenförmigen Aufnahmen (29) halten, und ei-
ne flache Aufnahme (31), die im Bereich der Au-
ßenfläche des Halterungskörpers (28) angeord-
net ist und wenigstens eine zugehörige Verbin-
dungsplatte (26) aufnimmt; und
zwei Deckel (32), die mit den Halterungskörpern
(28) gekoppelt sind, um so jeweilige Sammel-
kammern zu erstellen, die wenigstens eine Aus-
lassöffnung (33) aufweisen, um heiße Flüssig-
keiten, die aus dem Sicherheitsventil (24) der
chemischen Batterie (19) im Falle einer thermi-
schen Drift der chemischen Batterie (19) aus-
fließen, abzulassen;
wobei das Batteriemodul (25) dadurch gekenn-
zeichnet ist, dass:

eine Kühlungsvorrichtung (34) bereitge-
stellt ist, die dazu ausgestaltet ist, Wärme
zu entfernen und die gegen die Außenflä-
che eines ersten Deckels (32) lehnt;
wenigstens zwei Verbindungsstangen (36)

bereitgestellt sind, die an gegenüberliegen-
den Seiten des Batteriemoduls (25), an der
Außenseite der Kühlvorrichtung (34), den
Deckeln (32) und den Haltungskörpern (28)
angeordnet sind und die die Kühlvorrich-
tung (34), die Deckel (32) und die Halte-
rungskörper (28) in einer gepackten Weise
zusammenhalten; und
die beiden Halterungskörper (28) voneinan-
der durch die chemischen Batterien (19) ge-
trennt sind, d.h. aufgrund dessen, dass die
chemischen Batterien (19) dazwischen an-
geordnet sind, berühren die beiden Halte-
rungskörper (28) einander nicht, und daher
tendiert der von den zwei Verbindungsstan-
gen (36) erzeugte Schub dazu, die beiden
Halterungskörper (28) zueinander zu schie-
ben und wird ebenso an den chemischen
Batterien (19) freigesetzt, die dann mecha-
nisch axial geladen werden.

2. Batteriemodul (25) nach Anspruch 1, wobei die Ver-
bindungsstangen (36) keilförmige Vorsprünge auf-
weisen, die durch eine elastische Verformung in ent-
sprechende durchgehende Aufnahmen eingreifen,
die in der Kühlvorrichtung (34) und vorzugsweise
auch in den Halterungskörpern (28) ausgebildet
sind.

3. Batteriemodul (25) nach Anspruch 1 oder 2, wobei
ein erstes mechanisches Verriegelungssystem zwi-
schen der Kühlvorrichtung (34) und dem ersten De-
ckel (32) bereitgestellt ist.

4. Batteriemodul (25) nach Anspruch 3, wobei das ers-
te Verriegelungssystem mehrere erste Stifte (37)
aufweist, die von der Außenfläche des ersten De-
ckels (32) hervorstehen, und mehrere erste Sacklö-
cher (38), die an einer Innenfläche der Kühlvorrich-
tung (34) gebildet sind und dazu ausgebildet sind,
die ersten Stifte (37) aufzunehmen.

5. Batteriemodul (25) nach einem der Ansprüche 1 bis
4 und eine Steuereinheit (35) aufweisend, die den
Betrieb der chemischen Batterien (19) steuert, die
bezüglich der Kühlvorrichtung (34) an der gegenü-
berliegenden Seite des Batteriemoduls (25) ange-
ordnet ist, die an der Außenfläche eines zweiten De-
ckels (32) gegenüberliegend zum ersten Deckel (32)
anliegt und die in gepackter Weise durch die beiden
Verbindungsstangen (36) zusammengehalten wird.

6. Batteriemodul (25) nach Anspruch 5, wobei die Ver-
bindungsstangen (36) keilförmige Vorsprünge auf-
weisen, die durch eine elastische Verformung in ent-
sprechende durchgehende Aufnahmen eingreifen,
die in der Kühlvorrichtung (34), der Steuereinheit
(35) und vorzugsweise auch in den Halterungskör-
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pern (28) ausgebildet sind.

7. Batteriemodul (25) nach Anspruch 5 oder 6, wobei
ein zweites mechanisches Verriegelungssystem
zwischen der Steuereinheit (35) und dem zweiten
Deckel (32) bereitgestellt ist.

8. Batteriemodul (25) nach Anspruch 7, wobei das
zweite Verriegelungssystem mehrere zweite Stifte
(37) aufweist, die von der Außenfläche des zweiten
Deckels (32) hervorstehen, und mehrere zweite
Sacklöcher (39), die an einer Innenfläche der Steu-
ereinheit (35) ausgebildet sind und dazu ausgebildet
sind, die zweiten Stifte (37) aufzunehmen.

9. Batteriemodul (25) nach einem der Ansprüche 1 bis
8, wobei eine jede Verbindungsplatte (26) im Bereich
einer jeden chemischen Batterie (19) eine durchge-
hende Entlüftungsöffnung (42) aufweist, die vor-
zugsweise "I"-förmig ist.

10. Batteriemodul (25) nach einem der Ansprüche 1 bis
9, wobei:

die Sperrelemente (30) eines jeden Halterungs-
körpers (28) im Bereich eines äußeren Endes
des Halterungskörpers (28) angeordnet sind
und verhindern, dass die chemischen Batterien
(19) aus dem äußeren Ende des Halterungskör-
pers (28) herauskommen; und
wenigstens einige Sperrelemente (30) rittlings
auf zwei benachbarten röhrenförmigen Aufnah-
men (29) angeordnet sind.

11. Batteriemodul (25) nach einem der Ansprüche 1 bis
10, wobei:

ein drittes mechanisches Verriegelungssystem
zwischen einem jeden Halterungskörper (28)
und dem zugehörigen Deckel (32) bereitgestellt
ist; und
jedes dritte Verriegelungssystem mehrere dritte
Stifte (40) aufweist, die von einem äußeren En-
de des zugehörigen Halterungskörpers (28) her-
vorstehen, und mehrere dritte Sacklöcher (41),
die in einer Innenfläche des zugehörigen De-
ckels (32) ausgebildet sind und dazu ausgestal-
tet sind, die dritten Stifte (40) aufzunehmen.

12. Batteriemodul (25) nach Anspruch 11, wobei eine
jede Verbindungsplatte (26) mehrere durchgehende
Öffnungen (43) hat, durch die die dritten Stifte (40)
angeordnet sind.

13. Batteriemodul (25) nach einem der Ansprüche von
1 bis 12, wobei jedes Anschlusselement (27) einer
Verbindungsplatte (26) von der zugehörigen Sam-
melkammer durch eine Ablassöffnung (33) hervor-

steht.

14. Batteriemodul (25) nach einem der Ansprüche 1 bis
13, wobei jeder Deckel (32) die zugehörigen Verbin-
dungsplatten (26) mit einem bestimmten Druck ge-
gen die zugehörigen Pole (21, 22) der chemischen
Batterien (19) drückt.

15. Batteriemodul (35) nach einem der Ansprüche 1 bis
14, wobei jede Verbindungsplatte (26) einfach an
den entsprechenden Polen (21, 22) der chemischen
Batterien (19) anlehnt und keine permanente me-
chanische Verbindung zu den entsprechenden Po-
len (21, 22) der chemischen Batterien (19) hat.

16. Batteriemodul (25) nach einem der Ansprüche 1 bis
15, wobei die Halterungskörper (28) eine mechani-
sche Festigkeit haben, die kleiner ist als die mecha-
nische Festigkeit der einzelnen chemischen Batte-
rien (19) und dazu angepasst ist, sich im Falle eines
Zusammenstoßes zu verformen.

Revendications

1. Module de batterie (25) pour un système (14) destiné
au stockage d’énergie électrique pour un véhicule à
propulsion électrique (1) ; le module de batterie (25)
comprend :

un groupe de batteries chimiques (19) agencées
les unes parallèles aux autres et les unes à côté
des autres, dont chacune a une forme cylindri-
que, un pôle positif (22) à une extrémité et un
pôle négatif (21) à une extrémité opposée, et
une soupape de sûreté (24) à une extrémité ;
au moins deux plaques de connexion (26), qui
s’appuient contre des extrémités opposées du
groupe de batteries chimiques (19), de manière
à relier électriquement les pôles (21, 22) des
batteries chimiques (19) les uns aux autres, et
sont dotées de deux bornes respectives (27),
qui font saillie vers l’extérieur à partir du module
de batterie (25) et sont conçues pour établir une
liaison électrique externe du module de batterie
(25) ;
deux corps de support (28) couplés aux extré-
mités opposées du groupe de batteries chimi-
ques (19) de manière à fournir aux batteries chi-
miques (19) un support mécanique stable, ayant
chacun : une pluralité de sièges tubulaires (29),
qui reçoivent, à l’intérieur, les batteries chimi-
ques (19), une pluralité d’éléments de verrouilla-
ge (30), qui sont agencés dans l’aire d’une sur-
face externe du corps de support (28) et main-
tiennent les batteries chimiques (19) à l’intérieur
des sièges tubulaires correspondants (29), et
un siège plat (31), qui est agencé dans l’aire de
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la surface externe du corps de support (28) et
reçoit au moins une plaque de connexion cor-
respondante (26) ; et
deux couvercles (32), qui sont couplés aux
corps de support (28) de manière à créer des
chambres collectrices respectives ayant au
moins une ouverture de drainage (33) pour drai-
ner des fluides chauds s’écoulant hors de la sou-
pape de sûreté (24) d’une batterie chimique (19)
en cas de dérive thermique de la batterie chimi-
que (19) ;
le module de batterie (25) est caractérisé en
ce que :

un dispositif de refroidissement (34) est
fourni, lequel dispositif de refroidissement
est conçu pour évacuer la chaleur et s’ap-
puyer contre la surface externe d’un pre-
mier couvercle (32) ;
au moins deux tirants (36) sont fournis, les-
quels tirants sont agencés sur des côtés op-
posés du module de batterie (25), à l’exté-
rieur du dispositif de refroidissement (34),
les couvercles (32) et les corps de support
(28), et relient le dispositif de refroidisse-
ment (34), les couvercles (32) et les corps
de support (28) ensemble d’une manière
compacte ; et
les deux corps de support (28) sont mutuel-
lement séparés par les batteries chimiques
(19), c’est-à-dire que les deux corps de sup-
port (28) ne se touchent pas en raison de
l’interposition des batteries chimiques (19)
et donc la poussée générée par les deux
tirants (36) tend à pousser les deux corps
de support (28) l’un vers l’autre et est éga-
lement relâchée sur les batteries chimiques
(19) qui sont axialement ensuite chargées
de manière mécanique.

2. Module de batterie (25) selon la revendication 1,
dans lequel les tirants (36) comprennent des saillies
en forme de cale qui s’engagent par déformation
élastique dans des sièges traversants correspon-
dants formés dans le dispositif de refroidissement
(34) et de préférence également dans les corps de
support (28).

3. Module de batterie (25) selon la revendication 1 ou
2, dans lequel un premier système d’interverrouilla-
ge mécanique est fourni entre le dispositif de refroi-
dissement (34) et le premier couvercle (32).

4. Module de batterie (25) selon la revendication 3,
dans lequel le premier système d’interverrouillage
comprend une pluralité de premières broches (37)
qui font saillie à partir de la surface externe du pre-
mier couvercle (32), et une pluralité de premiers

trous borgnes (38), qui sont formés dans une surface
interne du dispositif de refroidissement (34) et sont
conçus pour recevoir les premières broches (37).

5. Module de batterie (25) selon l’une des revendica-
tions 1 à 4 et comprenant une unité de commande
(35), qui commande le fonctionnement des batteries
chimiques (19), est agencée sur le côté opposé du
module de batterie (25) par rapport au dispositif de
refroidissement (34), s’appuie contre la surface ex-
terne d’un deuxième couvercle (32) opposé au pre-
mier couvercle (32), et est reliée, d’une manière
compacte, par les deux tirants (36).

6. Module de batterie (25) selon la revendication 5,
dans lequel les tirants (36) comprennent des saillies
en forme de cale qui s’engagent par déformation
élastique dans des sièges traversants correspon-
dants formés dans le dispositif de refroidissement
(34), dans l’unité de commande (35) et de préférence
également dans les corps de support (28).

7. Module de batterie (25) selon la revendication 5 ou
6, dans lequel un deuxième système d’interver-
rouillage mécanique est fourni entre l’unité de com-
mande (35) et le deuxième couvercle (32).

8. Module de batterie (25) selon la revendication 7,
dans lequel le deuxième système d’interverrouillage
comprend une pluralité de deuxièmes broches (37)
qui font saillie à partir de la surface externe du
deuxième couvercle (32), et une pluralité de deuxiè-
mes trous borgnes (39), qui sont formés dans une
surface interne de l’unité de commande (35) et sont
conçus pour recevoir des deuxièmes broches (37).

9. Module de batterie (25) selon l’une des revendica-
tions 1 à 8, dans lequel chaque plaque de connexion
(26) comprend, dans l’aire de chaque batterie chi-
mique (19), une ouverture d’aération traversante
(42) qui est, de préférence, en forme de « I ».

10. Module de batterie (25) selon l’une des revendica-
tions 1 à 9, dans lequel :

les éléments de verrouillage (30) de chaque
corps de support (28) sont agencés dans l’aire
d’une extrémité externe du corps de support (28)
et empêchent les batteries chimiques (19) de
sortir de l’extrémité externe du corps de support
(28) ; et
au moins certains éléments de verrouillage (30)
sont agencés à cheval sur les deux sièges tu-
bulaires adjacents (29) .

11. Module de batterie (25) selon l’une des revendica-
tions 1 à 10, dans lequel :
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un troisième système d’interverrouillage méca-
nique est fourni entre chaque corps de support
(28) et le couvercle correspondant (32) ; et
chaque troisième système d’interverrouillage
comprend une pluralité de troisièmes broches
(40), qui font saillie à partir d’une extrémité ex-
terne du corps de support correspondant (28),
et une pluralité de troisièmes trous borgnes (41),
qui sont formés dans une surface interne du cou-
vercle correspondant (32) et sont conçus pour
recevoir les troisièmes broches (40).

12. Module de batterie (25) selon la revendication 11,
dans lequel chaque plaque de connexion (26) a une
pluralité de trous traversants (43), à travers lesquels
les troisièmes broches (40) sont agencées.

13. Module de batterie (25) selon l’une des revendica-
tions 1 à 12, dans lequel chaque borne (27) d’une
plaque de connexion (26) fait saillie à partir de la
chambre collectrice correspondante à travers une
ouverture de drainage (33).

14. Module de batterie (25) selon l’une des revendica-
tions 1 à 13, dans lequel chaque couvercle (32) pres-
se des plaques de connexion correspondantes (26)
contre les pôles correspondants (21, 22) des batte-
ries chimiques avec une pression prédéterminée.

15. Module de batterie (25) selon l’une des revendica-
tions 1 à 14, dans lequel chaque plaque de con-
nexion (26) s’appuie simplement contre les pôles
correspondants (21, 22) des batteries chimiques
(19) et n’a aucune liaison mécanique permanente
aux pôles correspondants (21, 22) des batteries chi-
miques (19).

16. Module de batterie (25) selon l’une des revendica-
tions 1 à 15, dans lequel les corps de support (28)
ont une résistance mécanique qui est inférieure à la
résistance mécanique des batteries chimiques indi-
viduelles (19) et est réglée de manière à provoquer
la déformation des corps de support en cas de col-
lision.
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